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1. Background
In RAN1#84 the following agreement was reached:

•
Shortening of PUCCH 1/1a/1b in the first slot of a subframe is realized by using in the first slot with PUCCH 1/1a/1b resource mapping from symbols 1 through 6 in the first slot while maintaining the existing PUCCH 1/1a/1b DM-RS locations.

There was some discussion in RAN1#85 regarding this agreement, and several issues were found (as summarized in [1]. In this contribution, we describe some timeline issues created by the usage of shortened PUCCH formats instead of puncturing SC-FDMA symbols.

2. Timeline issues with PUCCH shortening

In [2] we presented the timeline issues with PUSCH retuning by rate matching instead of puncturing. In short, the issue is that the transmission in subframe N depends on the transmission in subframe N+1, which in turn is scheduled in subframe N-3. This introduces a dependency between subframes N-3 and subframe N, effectively reducing the timeline from N-4 to N-3. As BL/CE UEs are assumed to have low complexity, it was agreed to perform puncturing instead of rate matching.

The timeline issue with PUCCH is as follows:

· UE receives MPDCCH to schedule PDSCH in subframes N, N+1.

· As a consequence, UE has to receive PDSCH in subframes N+2, N+3, and transmit ACK in subframes N+6, N+7

· The PUCCH in subframes N+6, N+7 happen in different narrowbands, so retuning is needed (use shortened formats in both subframes N+6, N+7).

· However, if the UE receives a PUSCH grant (6-0A) in subframe N+3 with single repetition, then the HARQ feedback is multiplexed in PUSCH in subframe N+7. In this case, the PUCCH in subframe N+6 does not use the shortened format (since PUCCH to PUSCH punctures PUSCH).
In Figure 1 we show a timeline diagram depicting this issue: The format of the PUCCH transmission in subframe N+6 depends on the MPDCCH received in subframe N+3
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Figure 1 The PUCCH format in subframe N+6 depends on the MPDCCH received in subframe N+3
A similar issue can be observed when transmitting PUCCH due to SPS release.
Observation: Using a shortened PUCCH format reduces the timeline from N+4 to N+3.

In view of this timeline issue, we propose to revoke the shortening and apply puncturing for PUCCH retuning.
Proposal: 
Revoke the following RAN1#84 agreement:

•
Shortening of PUCCH 1/1a/1b in the first slot of a subframe is realized by using in the first slot with PUCCH 1/1a/1b resource mapping from symbols 1 through 6 in the first slot while maintaining the existing PUCCH 1/1a/1b DM-RS locations.

Agree the following proposal:

•
For PUCCH 1/1a/1b, UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols: last symbol and first symbol of the prior and the latter subframe respectively

•

Except if SRS subframe, shortened format of legacy behaviour is applied, i.e., shortened format is applied in the first subframe, and first symbol of the second subframe is punctured.
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